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Abstract 
In the future, long-established paradigms of production will still have to continue to change in order to meet the 
demand for even more individuality, customer-specific product variants and shortest delivery times within the 
meaning of the term "production on demand". Therefore, in the future, the concept of the Distributed Manufacturing 
by geographically distributed production systems plays an increasingly important role. New and innovative ways of 
organizing production operations will be needed. Particularly due to the increasingly loud request for a sustainable and 
ecologically production and distribution decentralized manufacturing systems are an ideal approach, because the 
production takes place closer to the customer. It needs modern organizational models for small, flexible and scalable 
production units in decentralized production networks, which take into account the local and individual customer 
needs and produce as possible locally. This paper presents the drivers for the trend towards decentralized and 
distributed manufacturing systems. In addition, the paper gives a complete overview of traditional and modern forms 
of geographically distributed production and the prospect of new and partly visionary development directions. The 
paper examines the range of the concept of Distributed Manufacturing starting from standardized factories to visionary 
generative manufacturing units according the concept of Cloud-Production. 
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1. Introduction 
"The production must dominate the volatility better. For 
this reason, structures, processes and products are 
changing. In the future, our productions will be 
differentiated and distributed. They have to be 
changeable and combined, ", so the words of Dr. 
Wittenstein in a study by the Fraunhofer IAO to 
"Manufacturing work of the Future" [1]. The study also 
points to the shift away from mass production to 
individual production and micro production. 
Thus, modern organizational models for small, flexible 
and scalable manufacturing units in distributed 
production networks are needed to fulfill actual 
requirements such as individual customer needs and a 
sustainable supply chain. The main advantages of 
decentralized production structures are a higher 
flexibility to reflect local customer, lower logistics costs 
and shorter delivery times. Besides these advantages, 
there are also negative aspects, such as the high 
investment costs for a decentralized structure and the 
lower efficiency of decentralized production in 
comparison with usually highly automated central 
production factories. 
Centralization is replaced more and more by 
decentralization and top-down methods by bottom-up 
synthesis [2]. The adoption of production networks and 
distributed production is essential to the increase of 
competition and market globalization of manufacturing 
companies as well as Small and Medium Enterprise [3]. 
The success of an enterprise no longer only depends on 
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their own performance, but on the performance of the 
entire production network they are situated in. With a 
rising number of such distributed production networks 
the inter-organizational coordination becomes to a 
success factor for these companies [4].  
2. Background and recent developments 
Central manufacturing structures offer in terms of 
economies of scale significant cost advantages and are 
from an organizational point of view less complex than 
networked decentralized production sites. Nevertheless, 
there are substantial reasons for geographical distributed 
production structures.  
In certain industries, companies, despite the advantages 
of a central production (capital advantage, scale effect) 
are forced to build their production facilities near the 
places of consumption. Example are manufacturers of 
cardboard or packing material avoiding through a 
distributed manufacturing structure high transport costs. 
A further need for completely or partially decentralized 
manufacturing systems could be found in the food 
industry, which often decentralize their production due 
to the limited shelf-life of their of their goods and the 
demand for fresher goods. An illustrative example from 
practice are large bakeries, which today are pre-baking 
their goods centrally and shifted a part of the value 
(baking) to the points of sale. 
With the increasing opening of markets and 
decreasing transport and logistics costs as well as the 
declining costs for communication through the opening 
of the World Wide Web, in the early 90s launched in 
Europe a wave of globalization. With the growth of 
international trade and the increasing global demand for 
products, the companies served new foreign markets 
around the world. This led inevitably to a high 
competition between domestic companies and global 
players from low-cost-countries with a lower cost 
structure. To meet the global demand and to ensure the 
competitiveness many companies pursued the goal of 
building globally distributed production structures by 
shifting domestic production capacity abroad. Driver for 
this change was the more and more important market 
and customer proximity and on the other hand the 
fulfillment of "local content" requirements as well as the 
use of location factors such as low labor costs [5]. 
After an initial phase of euphoria and a wave of 
relocation of production capacity to Eastern Europe, 
Asia and other low-cost and emerging markets, this 
trend has weakened significantly in recent years. 
According to a study by the VDI (Association of 
German Engineers), the relocation of production in 
2012, achieved the lowest level since the mid-nineties. 
The relocation activities in the past, according to the 
survey, were initiated usually not for reasons of 
proximity to the market (26 %) or market development 
(29%) but mainly because of low wage costs (72%). In 
many cases, these production capacities have been 
shifted back in recent years not only due to a targeted 
capacity utilization due to the economic crisis (27%), but 
mainly due to a loss of flexibility (59%) and quality 
problems (52%) [6]. 
While in the past often have been carried out efforts 
for the establishment of decentralized production units 
abroad because of capacity relocation to low-cost-
countries, currently the trend shows an increase of 
distributed productions with the aim of a global market 
development and to meet local needs. This trend towards 
a so-called "glocal" production thus combines the goals 
of global market development and the fulfillment of 
local customer requirements [7]. With the rising demand 
for individual products and product variants the shift 
from mass production towards a personalized "mass 
customization" becomes more and more realistic [8, 9]. 
Innovative production concepts replaces traditional 
network structures. For this purpose it is necessary in the 
future, to build decentralized production networks with 
distributed production units which can offer under the 
aspects of cost, time, CO2-dioxide-emissions, energy 
consumption and quality personalized products to local 
customers [10]. 
3. Trends towards Distributed Manufacturing 
Systems 
In the future, an increasing trend and the need for 
decentralized production structures is expected. The 
following are the key trends and reasons for the 
development towards Distributed Manufacturing 
Systems. 
3.1. Megatrend Sustainability 
Value creation and resource consumption are closely 
coupled to each other - the concept of sustainability is 
also gaining in production and logistics in importance. 
No longer are the manufacture and sale of products in the 
foreground, but the value and benefit for customers. The 
benefit to the customer lies in the satisfaction of his 
demand and the increase of his quality of life at the same 
time or, at least not adversely affected. Objective of this 
consideration is the satisfaction of a demand under 
creation of value in a socially and environmentally 
responsible manner. The design of the system elements 
should avoid negative environmental effects, optimize 
the customer benefits and be economically efficient [11]. 
The location of production facilities and the design of 
logistics cycles form such system elements for the design 
of manufacturing systems. These are therefore to be 
designed in a way, that products can be produced 
economically and at the same time environmental 
burdens caused by long transport distances could be 
minimized. The CO2 emissions increased worldwide by 
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over 50% in the years from 1990-2011 [12]. 
Approximately 13% of the primary resources are 
consumed for freight [13]. The enforcement to 
decarbonization makes therefore not stop at the logistics 
industry. Possible solutions are next to greener transport 
means a turn-away from the just-in -time production, the 
reversal of the globalization and return to local 
procurement [14]. A decentralized network of adaptable 
and flexible mini-factories is not only helpful to reduce 
CO2 emissions through reduction of transports, but also 
serves the regional growth in developing and emerging 
countries [15].  
3.2. Rising logistics costs 
The development of logistics costs in recent years has 
shown that, after decades of decline they are rising again. 
The logistics costs are mainly driven by rising energy, 
fuel and transport prices as well as by high personnel 
expenses [16]. Industry experts expect according to a 
study by PwC permanent exposure to emissions charges 
and rising oil prices. Climate change and rising energy 
costs represent the major challenges in the transport and 
logistics sector. Emissions are measured in future at 
every link of the supply chain, assigned to the single 
polluters and will be added to the product price, which 
leads to an increase in logistics costs. This development 
is not, as one might suspect, solely attributable to 
regulatory intervention, but also on changes in consumer 
behavior. Minimizing transport costs will be in 20 years 
an important criterion in location decisions, according 
the respondents of the PwC-study. The study finds out, 
that in some industries, manufacturers will implement 
alternative sourcing and production networks and the 
transport infrastructure will be more decentralized [17]. 
Decentralization therefore can be a measure to meet 
the challenges of rising fuel prices. Combined with an 
updated mix of transport ways and means, CO2-
emissions could be decreased, thus contributing to 
reduce the environmental impact [18]. 
3.3. Mass Customization 
Stanley Davis used the term Mass Customization 
first in 1987 [19]. Mass Customization refers to an 
customer oriented and individual mass production for a 
(relatively) large market meeting the different needs of 
each demander of these products at costs that are 
comparable to those of a mass production of standard 
products [20]. While the manufacturing industry in the 
past distributed globally standardized products to keep 
the production cost and complexity low, nowadays a 
customization of products based on customer specific 
needs is becoming more and more important. 
Simultaneously with this development in the direction of 
an increasing number of individual product variants and 
product configurators, the requests on manufacturing 
systems increased. Manufacturing systems should be 
able to produce small quantities in a highly flexible way 
and to be rapidly reconfigurable [21]. In the future study 
"Delivering Tomorrow: Logistics 2050" of Deutsche 
Post DHL, one of five scenarios is dealing with the 
consequences of the trend of individualization. Thus, 
this trend leads to an increase of regional trade relations. 
Only raw materials and data will be transported over 
long distances in the future. From the perspective of the 
logistics industry, the localization of value chains leads 
to a drastically reduction in long-distance transports of 
finished and semi-finished products. Due to the 
decentralized production future critical success factors 
will be powerful regional logistics resources and a high-
class transport network for the last mile to the customer 
[22]. 
 
3.4. Democratization of Design and Open Innovation 
In future, it will be increasingly difficult for 
manufacturers to keep pace with the rapid development 
of design tools. Not only product developers, but also 
consumers today have access to design tools that a few 
years ago were out of reach [23]. The end user, in the 
sense of Open Innovation, is more often directly or 
indirectly involved in the product development process. 
Innovation, in future, takes place not only within the 
company but can be seen as an interactive process 
between the company and the market [24]. As part of 
this development, centralized manufacturing systems are 
increasingly being replaced with decentralized 
production structures [25]. The vision of Open 
Innovation is that end users design and create their 
product using digital design and product development 
tools and they forward the relevant data streams to 
capillary distributed service or production laboratories in 
their region, which manufacture the product using 
generative/additive production technologies known from 
Rapid Prototyping. The current technology 
developments in the field of additive manufacturing 
suggest that it would be possible already in the 
immediate future to produce functionally suitable 
products under industrial requirements [26]. 
3.5. Market and customer proximity 
Manufacturing companies are faced with the fact 
that market and customer proximity have become an 
important factor for success on the market. In order to 
continue to sell their products on already saturated 
markets, they need to be more differentiated and adapted 
to the local and individual needs of the market. Thus, 
new models distributed manufacturing systems with  
small and flexible production facilities in the vicinity of 
the consumer are needed. The need for short delivery 
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times may also have technical reasons, such as in the 
food industry. There is recognizable also a trend towards 
decentralized production structures for food with a short 
shelf life in order to offer the end customer and the retail 
partners freshest possible products with a long shelf life. 
This trend is influenced also due to the increasing 
demand for fresh, healthy, unprocessed foods with no 
harmful preservatives support [27]. 
3.6. Well-aimed use of resources 
An early and in the future valid motive for a locally-
structured network of production is the well-aimed use 
of resources. Depending on the particular requirements, 
it may be for a company's advantage to locate its 
manufacturing facility at the place of consumption, near 
mining areas of important raw materials, to low-wage 
countries with low labor costs or to sites with highly 
qualified staff and/or research centers. Therefore, it may 
make sense for companies to distribute decentralized 
production sites according to the above criteria to use as 
efficiently and economically as possible the needed 
material resources and the human capital. 
3.7. Regionalism and authenticity 
The majority of business cycles currently operates 
nationwide. This inevitably leads to the need for long 
transport distances and the associated environmental 
impact. Parallel to the trends towards greater 
sustainability and health, regional economic cycles 
within a region are becoming stronger. Already could be 
observed at the end user a more selective and thoughtful 
consumer behavior than in the past. An example is the 
renunciation to purchase fruit or vegetables out of season 
or from importing countries avoiding unnecessary CO2-
emissions. At the same time, the existence of businesses 
and jobs in the region is backed by promoting the 
regional economy. In many cases, consumers are even 
willing to pay more for local products if they can trace 
their origin or the products or they are produced in time-
honored manual work according to old traditions or 
recipes (e.g. "Authentic Food") instead of industrial 
production processes [28]. Especially for such niche 
markets, decentralized production structures play in the 
future an important role. 
4. Modern forms for the design of Distributed 
Manufacturing Systems 
The concept of Distributed Manufacturing includes 
many possible forms for their design. Figure 1 
summarizes today existing and future forms of 
decentralizing production. A distinction is made between 
the decentralized model factories with their individual 
stages of evolution and possible special forms of 
Distributed Manufacturing. 
The classification summarizes 8 identified forms for 
Distributed Manufacturing. Type 1, "Standardized and 
replicable model factory" and type 8, "Production labs of 
additive manufacturing" shows the currently existing 
extremes in Distributed Manufacturing. Model factories 
of type 1 are limited to the replication of "copies" of 
existing and standardized production units in different 
locations. Model factories of type 8 present a visionary 
view of future production: physical material transports 
are replaced by digital data transmission in a cloud and a 
production brought as close as possible to the customer. 
4.1. Distributed model factories and their stages of 
evolution 
Type 1: In the simplest case of a decentralized 
production structure, the company plans to offer a firmly 
defined and standardized product using geographically 
dispersed production sites in different markets and 
countries. The concept of pure replication and 
decentralization of defined and tested factory structures 
is applied since the beginning of the wave of 
globalization. For today's requirements and expectations 
of a decentralized production unit of that very simple 
concept, however, is sufficient in most cases. 
Type 2: Model factories with defined stages of 
development from a minimum configuration to the 
maximum configuration. Depending on the selected 
configuration layout, personnel requirements, 
manufacturing equipment, capacity and space 
requirements are determined in advance. Modular and 
scalable production systems are superior to the model 
factories of type 1, as they allow through their 
modularity a certain degree of quantity flexibility. 
Type 3: Model factories of type 3 show in addition 
to simple quantity flexibility a certain level of product 
and variant flexibility by adapting both production and 
logistics areas to new (but similar) product variants 
under moderate expenditure of time for planning, 
establishment and optimization of material flows and 
logistics functions. Flexible and reconfigurable 
manufacturing systems are of particular importance for 
global production networks, as they must be as adaptable 
as possible to product or quantity changes. 
Type 4: In recent years, in particular, changeable 
and self-optimizing production systems have been 
increasingly explored. Changeable factories have the 
ability to adapt themselves not only reactively but also 
proactive to changes from the environment. With 
intelligent factories, so-called "smart factories" are 
created networks of intelligent objects where the product 
itself decides when, on which machine and in what 
quantity it is to be produced. In the development of 
geographically distributed production networks it is 
important to realize not only changeable, but also 
intelligent and digitally networked manufacturing 
systems. 








Fig. 1. Classification of modern forms of Distributed Manufacturing. 
4.2. Special forms of Distributed Manufacturing 
Besides, in type 1 to type 4, identified evolution 
stages of classical model factories, there are also still a 
number of special forms of distributed production: 
Type 5: These special forms include service models 
for industrial contract manufacturing. In this case, a 
company decides not to invest in the development of 
decentralized production, but instead to hire a service 
provider with manufacturing. With the increasing 
importance of decentralized production companies will 
be disposed to produce their products locally by 
specialized contract manufacturers. Thus new service 
concepts will emerge: production intermediaries 
("Production Provider") will bring globally acting clients 
and potential locally distributed manufacturer together. 
Type 6: The "factory on-site" includes the temporary 
use of fully functioning mobile mini-factories or mobile 
production cells at the site of need or consumption. 
Particularly, this concept of a Mobile Factory is well 
suitable for situations with long distances and therefore 
high logistics costs (e.g. fabrication on construction site). 
Type 7: Franchising as an organizational form is 
particularly suitable for small companies that want to 
expand rapidly. Production Franchising is therefore 
suitable especially for start-up companies, which plan to 
step into the market expansion through decentralized 
production units and retail outlet. Existing concepts for 
changeable and flexible manufacturing systems must be 
adapted to the requirements of franchise networks [29]. 
Type 8: The idea of "Cloud Production" is currently 
raising high expectations into the still visionary value 
concept. In the future, the industrial production could 
revolutionize in the medium and long term through the 
wider use of 3D printers by no longer selling the 
physical product, but only the product data. The 
transport of products could be replaced in the future via 
the data transfer of the print data according visionary 
approaches. The products could then be manufactured 
and assembled in distributed networks of printing labs or 
small factories with high-performance printers and 
qualified staff for final assembling and finishing. 
5. Conclusions 
The production of tomorrow will in many ways 
change from today's image of an industrial production. 
Because of rising oil prices, therefore higher transport 
costs as well as environmental costs due to the CO2 
emissions, logistics cost will increase in a medium to 
long term period. The decision to transport goods will be 
carefully considered in future, thus many producers will 
opt also based on market development reasons for a 
decentralized production strategy. Following this trend, 
just existing forms, as well as new, modern and 
visionary forms of decentralized production will become 
more important. The presented classification of model 
factories for geographically distributed manufacturing in 
this paper show a first selection of possible forms of 
future production systems. The demonstrated overview 
of the existing and feasible forms for Distributed 
Manufacturing still show a large range. In the future, 
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further research is necessary to develop modern, 
innovative but also practical forms of decentralized 
production and the related manufacturing systems. 
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